Abstract. Although much attention is being paid to business processes during the past decades, the design of business processes and particularly workflow processes is still more art than science. In this workshop paper, we present our view on modeling methods for workflow processes and introduce our research aiming for the development of an "intelligent" software tool for workflow process redesign. This tool uses two approaches to redesign workflows: an evolutionary approach, focussing on local updates to a given process, and a revolutionary approach, starting with a clean-sheet of paper.
Introduction
Business Process Redesign (BPR) is a popular methodology for companies to boost the performance of their operations. In essence, it combines a radical restructuring of a business process with a wide-scale application of information technology [8] . A common practice to apply BPR is that management consultants encourage specialists, employers and managers within the setting of a workshop to think of alternatives to the existing business process or to think of completely new processes. The role of the external consultants is to manage the workshop and to stimulate people to abandon the traditional beliefs they may have about the process in question, e.g. using creativity techniques. A well-chosen delegation of internal specialists and managers should ensure that all expertise is available that is required to make a process design. Popular as this approach may be, it is questionable whether it will lead to the best possible redesign. We identify the following problems with this approach: -It is subjective: The identification of problem areas is strongly influenced by the composition of the workshop group and their individual expertise. Furthermore, it is difficult to assess for the facilitator to identify the opportunities of change. -It encourages high-level designs: An abstraction from complex procedures and coordination mechanisms is made to more easily reach consensus. -It is often not reproducible: Even if there is a rationale for design decisions, it is often difficult at a later stage to understand why a specific solution was favored by the workshop group.
For more background and a further discussion of these issues, see [20] . The concrete problem this research project addresses is the lack of sound scientific foundations for the way that business processes are redesigned in practice. The research project aims at an extension of the capabilities of an existing, widely used process modeling tool in industry with "intelligent" capabilities to suggest favorable alternatives to an existing process. We refer to "intelligent" because the tool should be able to produce good alternatives itself. Together with the initial process model, this approach also requires an explicit specification of the performance targets that are aimed for, e.g. a process with the lowest average operational cost or a process with the lowest average lead time. The proposed capabilities of the "intelligent" tool are twofold:
-On the one hand, the tool can suggest evolutionary, local updates to an existing workflow design. These updates only gradually improve its performance. In this evolutionary approach the existing process is taken as starting point and is gradually refined or improved. Improvements are suggested on the basis of 'best practices' that have accumulated in the literature on BPR over the last decade (see [22] ). -On the other hand, there is the possibility to generate a revolutionary new alternative of an existing workflow. A clean-sheet of paper is taken to design the complete process from scratch. This approach provides possibilities to "re-do" the whole process and make radical changes in the process model, on the basis of an analysis of the essential information processing underlying the process (see [21] ).
The type of processes that will be redesigned with the "intelligent" tool are workflow processes [20, 2] . Workflows are commonly found within administrative settings such as banks and insurance companies and typical examples are mortgage requests or damage claims. In this paper we use the evaluation of mortgage requests as a simple, but clear example to illustrate the two approaches. This workshop paper is organized as follows. In the next section, an overview is given of relevant literature to clarify the background of this research. Further, the evolutionary (Section 3) and revolutionary approach (Section 4) are discussed in more detail. The paper ends with a conclusion.
Literature
In their seminal work [8] , Hammer and Champy identified IT as a key enabler for redesigning business processes. This new role of IT "represents a fundamental departure from conventional wisdom on the way an enterprise or business process is viewed, examined, and organized" [9] and triggered many articles on the role of IT in the context of BPR. However, as pointed out in [7] , most of the studies deal with conceptual frameworks and strategies -not with modeling and analysis of business processes with the objective of improving the performance of reengineering efforts. The use of IT to actually support a redesign effort can take on various forms and a variety of tools is available in the market place. Kettinger, Teng and Guha compiled a list of 102 different tools to support redesign projects [10] . Building on this study, Al-Mashari, Irani and Zairi classified BPR-related tools and techniques in 11 major groups [3] . These groups cover activities such as project management, process modeling, problem diagnosis, business planning, and process prototyping. Gunasekaran and Kobu reviewed the literature from 1993-2000 and came to the following classification of modeling tools and techniques for BPR: (i) conceptual models, (ii) simulation models, (iii) object-oriented models, (iv) IDEF models, (v) network models, and (vi) knowledge-based models [7] . More recently, Attaran linked the various available tools to three different phases in a BPR program: before a process is designed, while the process is being designed, and after the design is complete [4] . In these phases, a tool can respectively act as a facilitator (e.g. as an inspirator for a new strategic vision), as an enabler (e.g. for mapping the process, gathering performance data, and simulation), and as an implementor (e.g. for project planning and evaluation). Using the classifications of these authors, our interest in this paper lies with the role of IT as an enabler of process design, more in particular "to help identify alternative business processes" [4] , in the form of knowledge-based models that "facilitate the process of reengineering by minimizing the complexity of the modeling and analysis of BPR" [7] . There are various papers addressing the state of the art on BPR tools and techniques (e.g. [10, 3] ). Despite their vast supply, Nissen states that typically "such tools fail to support the deep reengineering knowledge and specialized expertise required for effective redesign" [16] . Similarly, Bernstein, Klein and Malone observe that "today's business process design tools provide little or no support for generating innovative business process ideas" [5] .
The most important reasons to work towards the development of an "intelligent" tool for process redesign is that new design alternatives can be developed easier [7] , more cost-effectively [15] , quicker [13, 16] and more systematically [13, 19, 24] . At this point in time few tools qualify on these requirements. The ProcessWise methodology, although promoted as "advanced" and supported by an integrated tool, does not offer any guidance for the design itself [6] . Case based reasoning (CBR) systems are presented in [11, 14] . They enable an efficient search and retrieval of earlier redesign solutions that hopefully fit the aims of a new BPR effort. However, it is the human designer who must still weigh their applicability and perform the adaptations to the current situation. Another drawback is that the cases are typically restricted to a certain business domain, e.g. banking.
More promising seems the approach on the basis of the MIT Process Handbook as presented in [13] . The process recombinator tool is implementing this approach [5] . Through the notions of (i) process specialization and (ii) coordination mechanisms, new designs can be systematically generated on the basis of an identified list of core activities. It is the end user who then can select the most satisfactory process. In contrast to the earlier CBR approaches, the existing design knowledge extends over multiple business domains and the end user is supported in a meaningful way to generate alternatives.
In research that is associated to the MIT Process Handbook, a quite different yet promising approach is presented in [12, 19] . It attempts to capture the grammar underlying a business process. Just like natural language consists of words and rules to combine these words, business processes are seen as consisting of activities that can be combined using rewrite rules. A clear advantage of this approach would be that different process variants can be systematically generated and explored. However, it seems difficult to identify the rules and constraints that apply for certain categories of processes and to represent these in a grammatical framework. The last approach particularly worth mentioning here is the KOPeR tool described in [15, 16] . The idea is that a limited set of process measures (e.g. process length, process handoffs, etc.) can be used to identify process pathologies in a given process (e.g. a problematic process structure, fragmented process flows, etc.). These process pathologies can then be matched to redesign transformations known to effectively deal with these pathologies. Although the tool does not generate new designs itself, e.g. by visualizing the effect of a suggested transformation on an existing design, experiments suggest that the tool "performs redesign activities at an overall level of effectiveness exceeding that of the reengineering novice" [17] . In summary, although the existence and importance is acknowledged of tools to support redesigners with the technical task of generating new process designs, few tools exist that can match this task. Elements common to the few existing "intelligent" redesign tools are (i) the use of earlier redesign cases, (ii) the exploration of a deeper process structure, and (iii) the application of general (i.e. non-business specific) transformation rules/best practices. In particular, the application of the latter two ingredients seems to lead to the most effective results.
Evolutionary approach
This section addresses the evolutionary approach to workflow process design. The evolutionary approach is based on the application of general best practices or heuristic rules. The best practices support practitioners in developing a workflow design by making evolutionary, local updates to an existing design.
Introduction
Best practices are the basis for the evolutionary approach. A best practice has essentially the following parts: some kind of construction or pattern that can be distinguished in the existing workflow, an alternative to be incorporated for the redesign and a context-sensitive justification for this alternative. An extensive literature survey has taken place to collect all best practices for evolutionary process improvement of workflows (see [22] ). Reijers and Limam Mansar [22] have identified 29 best practices. For each best practice the authors present a qualitative description, its potential effects and possible drawbacks. Next to this, they present a business process redesign framework. Both the description of the best practices and the classification of the best practices based on the presented framework are starting points for the development of the "intelligent" tool. In the next sections we will give an example of the use of a best practice and present our research outline and issues.
Example of best practice
The evaluation of mortgage requests described in [1] will be used to illustrate the development of a design alternative. In the example only one best practice will be used. This best practice is based on the knock-out principle, used to decide whether a case should be accepted or rejected. We have chosen the knock-out best practice, because this best practice is already formalized and quantitatively supported by Van der Aalst [1] . The example is a simplified version of the example used by Van der Aalst [1] and describes the process of granting a mortgage for buying a house. The process consists of five checking tasks currently placed in the sequence: (A) 'check salary of mortgagee', (B) 'check current debts', (C) 'check mortgage history', (D) 'check collateral' and (E) 'check insurance'. Each check has two possible outcomes: OK or NOK (i.e., not OK). If for a specific request the outcome of a task is NOK, the request is rejected immediately. The request is only accepted and the mortgage granted if all checks are positive. The process variables are stated in Table 1 . We assume there are enough resources present in the process to avoid bottlenecks. The knock-out best practice will be used to find the ordering of the five tasks of the mortgage process with the lowest average lead time. The knock-out best practice states "order knock-outs in an increasing order of effort and in decreasing order of termination probability" [20] . Tasks should be ordered in descending order using the ratio 'reject probability / processing time' (see Table 1 for the ratios). Tasks with the same ratio should be ordered using the reject probability (in descending order) to obtain the process with the lowest average lead time. Using the knock-out best practice shows that two optimal sequential process designs exist: process E.C.D.B.A. and process C.E.D.B.A. This example illustrates clearly the suitability of the knock-out best practice to improve a workflow design with checking tasks. It is easy to apply a best practice on a situation suited for it, but this does not mean that application of the best practices on real workflows will be easy. Identified issues will be addressed in the next section.
Research outline and issues
The best practices and the use in an "intelligent" tool are the main focus of the research on the evolutionary approach. The first step will be the selection of best practices that seem fruitful to be developed further for inclusion in the tool. A main selection criterion could be the level of performance improvement that is pursued with such a best practice. We will consider the performance dimensions costs, time, quality and flexibility and provide the user with the possibility to enter his performance goals for the redesign. Simulation seems to be a suitable performance analysis technique for investigation of the changes in performance when applying the various best practices to workflow processes. Issues related to the selection are the large number of best practices to be taken into consideration, the level of required information and obtaining this information (e.g. from the end users). Some of the best practices are already formalized and quantitatively supported, but most of them are more qualitative by nature. The logical next step would be the formalization and quantification of the selected best practices. Formalized transformation rules are necessary for an automatic recognition of sub-optimal patterns within a workflow design and the replacement of such a pattern. The justification of a replacement is done with the quantitative support for the use of the best practice. Finally, an implementation of the formalized best practices in the "intelligent" tool should take place. An important issue during the research will be combining the best practices in the tool. First of all, it might be difficult to incorporate different classes of best practices in the same tool, because each class requires different types of information. Secondly, not only insight in the effects of an individual best practice is necessary, but also on the interaction effects when applied together with other best practices.
Revolutionary approach
This section focuses on a revolutionary approach to workflow process redesign, i.e. the process model is designed from scratch. This approach can also be classified as an approach that is based on the exploration of a deeper structure of the workflow product, as will be shown in the next sections.
Introduction
At the basis of the revolutionary approach are the principles of Product Based Workflow Design (PBWD) [20, 21, 23] . PBWD focuses on the workflow product that is produced during the workflow process, instead of on the process of production itself. As explained in the introduction, workflow processes are business processes in an administrative setting, in which a lot of information is processed. The structure of information processing can be captured in a tree structure, called the product data model (PDM). The PDM can be compared to the concept of a Bill of Material (BoM) in manufacturing [18] . Like a BoM for instance describes the physical assembly of a car (i.e. a car is made out of an engine and a subassembly, which consists of four wheels and a chassis), the PDM describes the administrative "assembly" of for example a mortgage. Until now PBWD has not been widely applied in practice because there is a lack of methods and tools to use this theory to redesign workflow processes. This research will focus on how the underlying structure of the process can be used in the redesign of the workflow process. The next section will amplify on the product data model for the mortgage process which we used earlier as an example. Next, we will shortly introduce our plans for future research in this area.
Example of product data model
As a simple example we will elaborate on a product data model for the mortgage process that is described in [1] . Before the mortgage is approved five checks have to be executed. Of course all the checks, i.e. decisions, are based on information.
The information in turn can be divided into several pieces of information that are built on other pieces of information or are provided by the applicant. In a PDM the pieces of information are called information elements and the different information elements are related to each other through operations.
We will now consider (a part of) the product data model for the mortgage process. The model is depicted in Figure 1 . We have only elaborated the tree structure for the salary check in the mortgage process for reasons of clarity. The tree structures for the other checks are comparable to the one for the salary check.
We will explain the PDM from Figure 1 in a bottom-up way. The salary check starts with information on the income and expenses of the mortgage applicant and finally ends with the decision whether the salary is sufficient to buy the desired property. For instance the gross salary per month (information element number 19) and the percentage of holiday payment (20) together determine the gross salary per year (17) . In a similar way the other information elements are determined and finally the check on salary (2) is performed. When the outcome for the check on salary is negative, the mortgage can be rejected immediately (indicated by the single link between "check salary" and "mortgage OK?"). When the check on salary is positive, four other positive checks are needed before the mortgage is approved (depicted by the connected links between the five checks and the mortgage decision).
Research outline and issues
The research on the revolutionary approach proposed by this position paper focuses on deriving workflow process models based on the product data model. The first step in this research project is to study the theory of PBWD more carefully in order to identify the most pressing issues. At this point in time some of the issues are already revealed. In the first place there is a need for practical cases to apply the PBWD view. Until now, few investigations have been done to the retrieval of the product data model in a practical situation. Issues that arise here are the level of detail to which the product data model has to be described, the amount of information available and needed, and the way in which data can be gathered (from systems, working instructions, laws, regulations, etc.) to retrieve the product data model. Another issue is the way in which a process model (consisting of tasks) can be derived from the product data model. At this point in time cohesion and coupling measures exist that more or less define the quality of a workflow design based on the manually clustering of information elements and operations [23] . The aim of this research is eventually to find an algorithm that (semi)automatically groups the information elements and operations of a product data model in activities. In this way we want to develop an objective and prescriptive method for redesigning workflow processes that can suggest favorable alternatives to a workflow process based on the product data model. Moreover, at the moment the method only focuses on structural properties. Duration, costs and other performance indicators are not yet considered in the derivation of the best alternative process model. Next, the cohesion and coupling measures and the developed method should be validated by means of practical examples and/or experts. Finally, the developed prescriptive method has to be incorporated in a workflow redesign tool to support workflow designers. We also aim for the development of a prototype with this functionality.
Conclusion
In this paper we proposed two approaches to develop "intelligent" tools for workflow process redesign. The first approach focuses on local improvements of an existing workflow process through identified best practices. The second approach takes a clean-sheet of paper to design the workflow process focusing on a deeper process structure of the information that is processed in the workflow process. By using these two approaches we think the most pressing difficulties that we identified in popular practice in workflow process redesign can be overcome. The approaches we aim for are objective, they aim for a more detailed view and they are reproducible.
